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CONTACTLESS MASK PROGRAMMABLE ROM 
BACKGROUND OF THE INVENTION 

5 Field of Invention 

[0001] The present invention relates to a semiconductor device. More 
particularly, the present invention relates to a contactless mask progranmiable 
read-only memory (Mask ROM). 

10 Description of Related Art 

[0002] Read-only memory (ROM) is a type of non-volatile memory, which can 
retain data as disconnected from power supply and is therefore used to store 
permanent data, such as booting data of computer systems. 

[0003] In order to simplify the fabricating processes and to increase the integration 
15 of ROM devices, various ROM structures are proposed based on shared diffusion 
and integration of the coding process and the contact process. Some conventional 
ROM devices are described below. 

[0004] FIG. 1 illustrates a top view of a contact ROM in the prior art. 
[0005] Refer to FIG. 1, the contact ROM 100 comprises rows and columns of 
20 MOS-type memory cellis, wherein two adjacent memory ceUs in the same colunm 
constitute a cell pair 102 that is isolated by field isolation 104. The memory cells 
in the same row are controlled by a word line 106, and the memory cells in the 
same column are located under a bit line 1 08. The two memory cells in a cell pair 
102 share a source 110 between the two drains 112 thereof, while the sources 110 
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of the cell pairs 102 in the same row are electrically connected to a groimd line 114. 
In the contact ROM 100, a plurality of contacts 116 are selectively formed on the 
drains 112 of the memory cells as data codes, wherein the contacts in the same 
column are connected to a bit line 108. 
5 [0006] During a reading operation of the contact ROM, the selected word line 106 
is biased to high level. If the drain 112 of the selected memory cell has a contact 
116 thereon electrically connecting with the selected bit line 108, a current can be 
conducted from the selected bit line 108 to the groimd line 114 connecting with the 
soxirce 110 of the selected memory cell. Otherwise, no current is detected. In 
10 other words, the data is stored as a contact pattern* However, since the field 
isolation 104 is formed between two rows of cell pairs 102 and contacts 116 are 
formed on the drains 112, the area of the memory array is large and the device 
integration is low. 

[0007] FIG. 2 illustrates a top view of an implant programmable ROM in the prior 



[0008] Refer to FIG. 2, the implant progranmiable ROM 200 comprises rows and 
columns of MOS-type memory cells 201. The memory cells in the same row are 
controlled by a word line 202 and every two rows of memory cells 201 are coupled 
to a ground line 204, while two coluncms of memory cells 201 are separated by 
20 isolation 203. A memory cell 201 shares a source 206 with one adjacent memory 
cell in the same column, and shares a drain 208 with the other adjacent memory 
cell in the same colunm, The sources 206 of the memory cells 201 in the same 
row are connected to a ground line 204, and the drains 208 of the memory cells 
201 in the same colunm are electrically connected to a bit line 210 via contacts 212. 
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The implant programmable ROM 200 is programmed by selectively implanting 
ions into the channel regions under the word lines 202 to make the selected 
channel regions 214 have a higher threshold voltage (Vr). During the reading 
operation of the implant programmable ROM, the selected word line 202 is biased 
5 to high level. If the channel region of the selected memory cell 201 is not 
implanted, the channel can be switched on and an On-current can be detected, 
otherwise the channel cannot be switched on and the chaimel current is extremely 
small. 

[0009] As compared with the contact ROM 100 in FIG. 1, the implant 
10 programmable ROM 200 is more compact because the isolation between rows of 
memory cells is omitted and a drain 208 is shared by two memory cells 201 like a 
source 206. However, since an additional mask is needed for selectively 
implanting the channel regions of the memory cells 201, the fabricating process is 
more complex. Moreover, in consideration of the lateral area necessary for 
15 forming the contacts 212, the degree of area reduction of the drain region 208 is 
limited and the memory array cannot be further miniaturized. 
[00 10] FIG. 3 illustrates a top view of a Metal ROM in the prior art. 
[0011] Refer to FIG, 3, the Metal ROM 300 has a NAND (NOT AND) structure 
and comprises rows and columns of MOS-type memory cells. The memory cells 
20 in the same row are controlled by a word line 302 and four continuous memory 
cells in the same column are grouped as a memory string 304. In a memory string 
304, the diffusion 305 of one terminal memory cell is electrically connected to a 
ground line 306, and the diffusion 305 of the other terminal memory cell is coupled 
to a bazik select transistor 308. The bank select transistor 308 is coupled to a bit 
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line 320 paraUel to the memory string 304 via a contact 322. The source and the 
drain of a memory ceU, i.e., the two difiusions 305 of a memory cell, are both 
shared by adjacent cells. 

[0012] The Metal ROM is programmed by selectively forming local interconnects 
5 326 each comiecting the two difiusions 305 of a selected memory cell. If a 
memory cell has a local interconnect 326 formed thereon like memory ceU CI does, 
the memory ceU is always electrically conductible and acts like a depletion-type 
MOS devices, otherwise the memory ceU is in the enhanced mode like memory 
cell C2 is. During a reading operation, the selected bit line 320 is coupled to a 
10 certain voltage level, the selected word line 302 is coupled to low level, and the 
unselected word lines 302 and the gate 340 of the bank select transistor 308 are 
coupled to high level. Thus, the bank select transistor 308 and aU of the 
unselected memory cells in the same memory string 304 are switched on. 
Consequentiy, if the selected memory ceU has a local interconnect 326 formed 
15 thereon, a current can be conducted through it and can be detected, otherwise no 
current is detected. The Metal ROM is more compact tiian the contact ROM, but 
the memory area in the Metal ROM cannot be further reduced because local 
interconnects must be formed on the diffusions 305 (sources and drains). 

20 SUMMARY OF THE INVENTION 

[0013] Accordingly, this invention provides a contactiess mask programmable 
ROM that has a smaller memory array for increasing device integration. 
[0014] A Mask ROM of tiiis invention comprises a phirality of word tines 
extending in row direction and a plurality of MOS-type memory ceUs. A memory 
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ceU in one column shares its diffusions with two adjacent memory ceUs in the 
same cohimn, and the two terminal memory ceUs in the same column are coupled 
to a first voltage source and a second voltage source, respectively. The first 
voltage source and the second voltage source are, for example, a bit line and 
5 ground, respectively. The memory ceUs include a pluraUty of first memory ceUs 
and a pluraUty of second memory cells. The first memory ceUs have a first 
channel length (word line width) and a first threshold voltage, and the second 
memory cells have a second chamiel length (word Une width) that is smaller than 
the first one and is small enough to cause short chamiel effect. The second 
10 memory cells thus have a second threshold voltage substantiaUy lower than the 
first threshold voltage. In addition, the difference between the first threshold 
voltage and the second threshold voltage is sufficiently large, so that a reading 
voltage can be set between the two to identify the type (first or second) of the 
selected memory ceU during a reading operation. The type of the selected 
15 memory ceU corresponds to the data value (0 or 1) stored in it. 

[0015] In another Mask ROM of this invention, the first memory ceUs have a first 
chamxel dopant concentration to cause a first threshold voltage. The second 
memory ceUs have a second chamiel dopant concentration lower than the first one 
to cause a second threshold voltage substantially lower than the first threshold 
20 voltage. This can be done by performing a threshold voltage adjusting 
implantation to selected (first) memory cells with a patterned photoresist layer as a 
mask, which is formed with a photo-mask. In addition, the difference between 
the first threshold voltage and the second threshold voltage is sufficiently large, so 
that a reading voltage can be set between the two to identify the type (first or 
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second) of the selected memory cell during a reading operation. 
[0016] In still another Mask ROM of this invention, the first memory cells have a 
first gate dielectric thickness to cause a first threshold voltage. The second 
memory cells have a second gate dielectric thickness smaller than the first one to 
5 cause a second threshold voltage substantially lower than the first threshold 
voltage. The difference between the first threshold voltage and the second 
threshold voltage is sufficiently large, so that a reading voltage can be set between 
the two to identify the type (first or second) of the selected memory cell during a 
reading operation. 

10 [0017] As mentioned above, in the contactless Mask ROM of this invention, the 
data value stored in a memory cell corresponds to the channel length, the gate 
dielectric tliickness or the channel dopant concentration thereof, and no contact is 
formed on the diffusion regions. Therefore, the Mask ROM of this invention is 
more compact than those in the prior art. 

15 [0018] It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 [0019] The accompanying drawings are included to provide a further 
understanding of the invention, and are incorporated in and constitute a part of this 
specification. The drawings illustrate embodiments of the invention and, together 
with the description, serve to explain the principles of the invention. In the 
drawings. 
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[0020] FIG. 1 iUustrates a top view of a contact ROM in the prior art; 

[0021] FIG. 2 Ulustrates a top view of an implant programmable ROM in the prior 

art; 

[0022] FIG. 3 Ulustrates a top view of a Metal ROM in the prior art; 
5 [0023] FIG. 4A Ulustrates a contactless Mask ROM according to a first embodiment 
of this invention, and FIG 4B Ulustrates the equivalent circuit of the contactless 
Mask ROM; 

[0024] HG. 5 plots the threshold voltage with respect to the channel length; 
[0025] FIG. 6 Ulustrates a top view of a contactiess Mask ROM according to a 
10 second or third embodiment of this invention; 

[0026] FIG. 7 Ulustrates the contacdess Mask ROM of the second embodunent in 
FIG. 6 in a cross-sectional view along line VH-VH'; and 

[0027] FIG. 8 Ulustrates the contactless Mask ROM of the third embodiment in FIG. 
6 in a cross-sectional view along Une Vn-VII*. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



First Embodiment 

[00281 no. 4A Ulustrates a contactless Mask ROM according to a first embodiment 
■ of ms invention, and FIG. 4B iUustrates «.e equivalent circuit of «.e contactless 
20 M^^cROM. MeanwhUe, FIG. 5 plots the thresl^old voltage with respect to tJie 

channel length in order to ejiplaiii this embodiment 

t0029] Refer to FIG. 4A and 4B. the conuctless Mask ROM 400 comprise, a 
pluraUty of word lines 420 ending in row direction, and rows and cohamns of 
diffiisions 440 in a substrate (not shown) like a P-type substrate. Tie word lines 
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420 comprise a material such as doped polysilicon, and the diffusions 440 contain 
N-type dopants, for example. In the contactless Mask ROM 400, two columns of 
diffusions 440 are separated by isolation 410. Two rows of diffusions 440 are 
separated by a word line 420, and the two terminal diffusions 440 in each column 
5 of diffusions 440 are coupled to a bit line (BIJ and ground, respectively. In 

i 

addition, two adjacent diffusions 440 in the same column, the word line 420 
between the two diffusions 440, and the substrate (not shown) between the two 
diffusions 440 together constitute a MOS-type memory cell C/C„. Accordingly, 
two columns of memory ceUs C^C. are separated by the isolation 410. 

10 [0030] The word lines 420 over the memory ceUs C„ are not narrowed, and the 
memory cells C„ have a first channel length and a first threshold voltage. The 
word lines 420 over the memory cells C, are narrowed to create a second channel 
length small enough to cause short channel effect, so the memory ceUs have a 
second threshold voltage substantially lower than the first threshold voltage, as 

15 shown in FIG. 5. The difference between the first threshold voltage and the 
second threshold voltage is sufficiently large, so that a reading voltage can be set 
between the two to identify the type (first or second) of the selected memory ceU 
during a reading operation. The type of the selected memory cell corresponds to 
the data value (0 or 1) stored in it. 

20 

Second Embodiment 

[0031] FIG. 6 illustrates a contactless Mask ROM according to the second 
embodiment of this invention, and FIG. 7 illustrates the contactless Mask ROM in a 
cross-sectional view along the line VH-VII'. 
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[0032] Refer to FIG. 6 and 7, the contactless Mask ROM 600 comprises a pluraUty 
of word lines 620 extending in row direction and rows and columns of diffusions 640 
in a substrate 602, wherein each word line 620 is isolated from the substrate 602 by a 
gate oxide layer 660. The word lines 620 comprise a material such as doped 

5 polysUicon, and the diffusions 640 contain N-type dopants, for example. In the 
contactless Mask ROM 600, two columns of diffusions 640 are separated by 
isolation 610. Two rows of diffusions 640 are separated by a word line 620, and 
the two terminal diffusions 640 in each column of diffusions 640 are coupled to a bit 
line (BLJ and ground, respectively. In addition, two adjacent diffusions 640 in the 

10 same column, the word line 620 between the two diffusions 640, and the substrate 
602 between the two diffusions 640 together constitute a MOS-type memory ceU. 
[0033] Refer to FIG. 6 and 7 again, the memory ceUs C, have a raised channel 
dopant concentration, as indicated by the numeral 608, to cause a first threshold 
voltage. The other memory cells have a lower channel dopant concentration, i.e., 

15 an original channel dopant concentration, to cause a second threshold voltage. The 
higher chamiel dopant concentration is made by, for example, conducting a threshold 
voltage adjusting implantation process, wherein a photo-mask is used to form a 
patterned photoresist layer exposing selected memory ceUs and an implantation is 
then performed to adjust the threshold voltages of the selected memory ceUs. In 

20 addition, the difference between the first threshold voltage and the second threshold 
voltage is sufficiently large, so that a reading voltage can be set between the two to 
identify the type (fu-st or second) of the selected memory ceU during a reading 
operation. The type of the selected memory ceU corresponds to the data value (0 or 
1) stored in it. 
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Third Embodiment 

[0034] FIG. 6 also iUustrates a contactless Mask ROM according to tlie third 
embodiment of this invention, and FIG. 8 illustrates the contactless Mask ROM in a 
cross-sectional view along the line VII-VII'. 
5 [0035] Refer to FIG. 6 and 8, the contactless Mask ROM 800 comprises a pluraUty 
of word lines 820 extending in row direction and rows and columns of diffusions 840 
in a substrate 802. The word Unes 820 comprise a material such as doped 
polysiUcon, and the diffusions 840 contain N-type dopants, for example. In the 
contactless Mask ROM 800, two cohimns of diffusions 840 are separated by 
10 isolation 810. Two rows of diffusions 840 are separated by a word line 820, and 
the two terminal diffusions 840 in each column of diffusions 840 are coupled to a bit 
line (BLJ and ground, respectively. In addition, two adjacent diffusions 840 in the 
same column, the word line 820 between the two diffusions 840, and the substrate 
802 between the two diffusions 840 together constitute a MOS-type memory cell. 
15 [0036] Refer to FIG. 8, the memory ceUs C, have a gate oxide layer 860b with a first 
thickness to cause a first threshold voltage. The other memory ceUs have a gate 
oxide layer 860a with a second thickness smaller than the first thickness to cause a 
second threshold voltage substantiaUy lower than the first threshold voltage. The 
difference between the first threshold voltage and the second threshold voltage is 
20 sufficiently large, so that a reading voltage can be set between the two to identify the 
type (first or second) of the selected memory cell during a reading operation. The 
type of the selected memory cell corresponds to the data value (0 or 1) stored in it 
[0037] Moreover, the two gate oxide layers 860a and 860b can be formed with a 
method that has been used m a CMOS /Logic process supporting dual power supply 
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product, e.g., a 3v/5v appUcatioa. For example, the substrate regions 
corresponding to the gate oxide layers 860a are implanted with nitrogen ions before 
gate oxide formation, so as to inhibit the growth of the gate oxide layers 860a. On 
the other hand, the substrate regions corresponding to the gate oxide layers 860b are 
implanted with fluorine ions before gate oxide formation, so as to enhance the 
growth of the gate oxide layers 860b. 

[0038] As mentioned above, the Mask ROM in the second embodiment can be 
programmed by performing a selective threshold voltage adjusting implantation, 
while that in the third embodiment is programmed by adjusting the gate oxide 
thickness. The method using threshold voltage adjusting implantation and the 
method adjusting the gate oxide thickness both need an additional mask. However, 
the mask for forming a gate dielectric layer with different thickness is ready for a 
CMOS /Logic process that supports dual power supply product, e.g., a 3v/5v 
appUcation, while the additional mask needed for adjusting the threshold voltage 
should be designed from the beginning. 

Reading Operation of the Mask ROM : 

[0039] The reading operation of the mask ROM according to the preferred 
embodiment of this invention is described below Refer to FIG. 4B. for example, 
when the memory ceU C. corresponding to word line WLl and bit line BLl is 
being read, the selected word line WLl is coupled to low level and the unselected 
world lines are coupled to high level. The low level is between the lower (second) 
threshold voltage and the higher (first) threshold voltage, and the high level is 
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higher than the first threshold voltages and therefore is capable of switching on the 
unselected memory cells in the same column. Since the memory cell C. 
correspondmg to word line WLl and bit Une BLl has the second (smaller) chamiel 
length and therefore has the second (lower) threshold voltage, it can be switched 
5 on by the low level voltage to allow a current firom BLj to ground. 

[0040] On the other hand, when the memory cell C„ corresponding to word line 
WL2 and bit line BLl is bemg read, WL2 is coupled to low level, and the 
unselected world lines are coupled to high level to switch on the unselected 
memory cells in the same column. Since the memory ceU Q has the first (larger) 
10 chamiel length and therefore has the first (higher) threshold voltage, it cannot be 
switched on by the low-level voUage. Consequently, the current from BL, to 
ground is extremely smaU. Therefore, by detecting the magnitude of the current 
from BL, to ground, the type of the selected memory cell and the corresponding 
data value (0 or 1) can be determined. 
15 [0041] Moreover, the method for reading the contactiess Mask ROM illustrated in 
FIG. 6-8 is simUar to the aforementioned one, wherein the memory ceUs Q, are 
taken as C„ and the other cells are taken as Q. 



[0042] As mentioned above, in the contactiess Mask ROM of this invention, the 
value of the data stored in a memory cell corresponds to the channel length, the 
gate dielectric thickness or the channel dopant concentration, and no contact is 
formed on the diffusion regions. Therefore, the Mask ROM of this mvention is 
more compact than those in Ae prior art. 

[0043] It wiU be apparent to those skilled in the art that various modifications and 
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variations can be made to the structure of the present invention without departing 
from the scope or spirit of the invention. In view of the foregoing, it is intended 
that the present invention covers modifications and variations of this invention 
provided they fall within the scope of the foUowing claims and their equivalents. 
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"WHAT IS CLAIMED IS: 

1. A contactless mask programmable read-only memory (Mask ROM), 
comprising a pluraUty of word lines extending in a row direction and a pluraUty of 
MOS-type memory cells, wherein 

5 two terminal memory cells in one column.are coupled to a &st voltage 

source of a first level and a second voltage source of a second level, respectively, 

wherein the second level is different from the first level; and 

the memory ceUs include a pluraUty of first memory cells and a pluraUty of 

second memory cells, wherein a first threshold voltage of the first memory ceUs is 
10 substantiaUy different from a second threshold voltage of the second memory ceUs. 

such that a type (first or second) of a selected memory cell can be identified during 

a reading operation. 

2. The contactless Mask ROM of claim 1, wherein a second channel length 
of the second memory cells is smaller than a first channel length of the first 

15 memory ceUs and is small enough to cause short channel effect, such that the 
second threshold voltage of the second memory cells is substantially lower than 
the first threshold voltage of the first memory cells. 

3. The contactiess Mask ROM of claim 1, wherein a second channel dopant 
concentration of the second memory ceUs is lower than a fnrst chamiel dopant 

20 concentration of tiie first memory ceUs, such tiiat tiie second tiireshold voltage of 
the second memory cells is substantially lower than tiie first tiireshold voltage of 

the first memory ceUs. 

4. The contactless Mask ROM of claim 1, wherein a second gate dielectric 
thickness of tiie second memory ceU is smaUer tiian a first gate dielectric tiiickness 
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Of the fost memory ceUs. such that the second threshold voltage of the second 
memory ceUs is substantially lower than the first threshold voltage of the first 
memory cells. 

5. The contactless Mask ROM of claim 1, wherein the first voltage source 

comprises a bit line. 

6. The contactless Mask ROM of claim 5, wherein the second voltage source 

comprises ground. 

7. The contactless Mask ROM of claim 1, wherein two columns of memory 
cells are separated by an isolation layer. 

8. The contactless Mask ROM of claim 1, wherein the word lines comprises 

doped polysilicon. 

9. The contactless Mask ROM of dairii 1, wherein the substrate is a P-type 
substrate and diffusions of the MOS-type memory cells are of N-type. 

10. A contactless mask programmable read-only memory (Mask ROM), 

15 comprising: 

a phiraUty of word lines extending in a row direction; and 

a pluraUty of diffusions arranged in rows and columns in a substrate, 

wherein 

two rows of diffusions are separated by a word line; 

two adjacent diffusions in the same column, the word Une between the two 
diffiisions, and the substrate between the two diffusions together constitute a 
memory cell, and a plurality of memory ceUs are thus defined; and 

the memory ceUs include a phirality of furst memory cells and a pluraUty of 
second memory ceUs, wherein a second chamiel length of the second memory cells 
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is smaller than a first channel length of the first memory cells and is small enough 
to cause short channel effect, such that a second threshold voltage of the second 
memory cells is substantially lower than a first threshold voltage of the first 
memory cells and a type (first or second) of a selected memory cell can be 
5 identified during a reading operation. 

11. The contactless Mask ROM of claim 10, wherein one terminal difSEusion 
. in a column of difiusions is coupled to a bit line. 

12. The contactless Mask ROM of claim 11, wherein the other terminal 
diffusion in the column of diffusions is coupled to groimd. 

10 13. The contactless Mask ROM of claim 10, wherein two columns of 

diffusions are separated by an isolation layer. 

14. A contactless mask programmable read-only memory (Mask ROM), 
comprising: 

a plurality of word lines extending in a row direction; and 
15 a pluraUty of diffusions arranged in rows and columns in a substrate, 

wherein 

two rows of diffusions are separated by a word line; 

two terminal diffusions in each column of difiusions are coupled to a voltage 
and ground, respectively; 
20 two adjacent difiusions in the same column, the word line between the two 

difiusions, and the substrate between the two difiusions together constitute a 
memory cell, so that a plurality of memory cells are defined; and 

the memory cells include a plurality of first memory cells and a plurality of 
second memory cells, wherein a second channel dopant concentration of the 
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second memory cells is lower than a first channel dopant concentration of the first 
memory cells, such that a second threshold voltage of the second memory cells is 
substantially lower than a first threshold voltage of the first memory cells and a 
type (first or second) of a selected memory cell can be identified during a reading 
5 operation. 

15. The contactless Mask ROM of claim 14, wherein one terminal diffusion 
in a column of difiusions is coupled to a bit line. 

16. The contactless Mask ROM of claim 15, wherein the other terminal 
difiusion in the column of diffusions is coupled to ground. 

10 17. The contactless Mask ROM of claim 14, wherein two colunms of 

diffusions are separated by an isolation layer. 

18. A contactless mask programmable read-only memory (Mask ROM), 
comprising: 

a plurality of word lines extending in a row direction; and 
15 a plurality of diffusions arranged in rows and columns in a substrate, 

wherein 

two rows of diffusions are separated by a word line; 

two adjacent diffusions in the same colunm, the word line between the two 
diffusions, and the substrate between the two diffusions together constitute a 
20 memory cell, so that a plurality of memory cells are defined; and 

the memory cells include a plurality of first memory cells and a plurality of 
second memory cells, wherein a second gate dielectric thickness of the second 
memory cells is smaller than a first gate dielectric thickness of the first memory 
cells, such that a second threshold voltage of the second memory cells is 
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substantially lower than a first threshold voltage of the first memory cells and a 
type (first or second) of a selected memory cell can be identified during a readiag 
operation. 

19. The contactless Mask ROM of claim 18, wherein one terminal diffusion ' 
5 in a column of diffusions is coupled to a bit line. 

20. The contactless Mask ROM of claim 19, wherein the other terminal 
diffusion in the column of diffusions is coupled to ground. 
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ABSTRACT OF THE DISCLOSURE 
A contactless mask programmable read-only memory (Mask ROM) is 
described, comprising a plurality of word lines e>ctending in row direction and a 
plurality of difiusions arranged in rows and columns in a substrate. In the Mask 
ROM, two rows of diffusions are separated by a word line. Two adjacent 
5 diffusions in the same column, the word line between the two diffusions, and the 
substrate between the two difiusions together constitute a memory cell. The 
memory cells include a plurality of first memory cells and a plurality of second 
memory cells. The channel length, the gate oxide width or the chamiel dopant 
concentration of the first memory cells is dififerent from that of the second memory 
10 cells, such that the threshold voltage of the first memory cells is substantially 
different from that of the second memory cells. 
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